The content of bioactive alkaloid 9-methoxycanthin-6-one in the roots of Eurycoma longifolia is rather small. In the current study, a high yield of 9-methoxycanthin-6-one was obtained from transgenic hairy roots (1.139  0.20% dry weight, DW) compared to wild roots (0.164  0.25% DW) of E. longifolia. Three liquid basal media supplemented with 3% sucrose were tested for the growth and accumulation of 9-methoxycanthin-6-one. The fastest growth was obtained in the Shenck and Hildebrandt (SH) medium while the highest 9-methoxycanthin-6-one content was observed in McCown's woody plant (WP) medium. In this study, compared to controls, the production of 9-methoxycanthin-6-one was increased by the maximum of 2.6 and 4.0 times after the addition of jasmonic acid and yeast extract, respectively, into hairy root cultures. In addition, pro-inflammatory cytokines IL-6 and TNF-α were significantly inhibited by 9-methoxycanthin-6-one in lipopolysaccharide-stimulated murine RAW264.7 cells, peritoneal macrophages and human THP-1 macrophages. These results suggest that the elicited hairy root culture of E. longifolia is an alternative system for the production of an abundant source of anti-inflammatory 9-methoxycanthin-6-one.
Eurycoma longifolia Jack (Simaroubaceae) is a valuable medicinal plant in Vietnam. The pharmaceutical secondary metabolites accumulated in the roots of E. longifolia such as 9-methoxycanthin-6-one showed antitumor, antimalarial, antiplasmodial, anti-HIV and anti-diabetic properties [1] [2] [3] [4] . However, the content of pharmaceutical secondary metabolites accumulated in the roots of E. longifolia such as 9-methoxycanthin-6-one is rather small in the wild roots of E. longifolia.
The transformation of plant cells by using Agrobacterium rhizogenes to generate hairy roots is a promising approach for the production of secondary metabolites with their inherent genetic and biochemical stability that has been demonstrated in several plant species. Hairy roots have been reported to provide many benefits such as fast growth rates and easy culture in hormone-free media for mass production of active compounds. The addition of exogenous biotic and abiotic elicitors has been used to enhance the yield of secondary metabolites in tissue cultures via the stimulation of the defense or stress-related response in plant cells [5] . Thus, in this work, we aim to obtain a high yield of 9-methoxycanthin-6-one through the use of the various nutritional and environmental factors in the media for E. longifolia hairy root cultures.
A time-course study for the growth of hairy root cultures and 9-methoxycanthin-6-one production in E. longifolia on different basal media including Murashige and Skoog (MS), SH and WP supplemented with 3% sucrose was conducted to examine the optimization of the medium for the hairy root culture and identify the effect of elicitors jasmonic acid and yeast extract for 9-methoxycanthin-6-one accumulation. Furthermore, 9-methoxycanthin-6-one showed many biological activities [6] [7] [8] . However, the mode of action of 9-methoxycanthin-6-one in different types of cells under specific conditions is still unclear. In this study, we investigated the anti-inflammatory effect of 9-methoxycanthin-6-one in murine and human macrophages.
Here, we report that the content of 9-methoxycanthin-6-one was significantly increased in transgenic hairy roots compared to that in the wild roots of E. longifolia. Among the tested culture media, we found that WP medium was the best for 9-methoxycanthin-6-one production in the hairy root culture. In addition, we reported an unknown inhibitory effect of 9-methoxycanthin-6-one on the production of such pro-inflammatory cytokines as IL-6 and TNF-α in the LPS-stimulated murine and human macrophages. Growth of hairy root cultures and 9-methoxycanthin-6-one production in E. longifolia on different basal media (MS, SH and WP). Data for mean ± SD from three independent experiments are shown. 9-Methoxycanthin-6-one content in hairy roots was higher than that in wild roots of E. longifolia. 9-Methoxycanthin-6-one content was determined by using HPLC. Data for the mean ± SD from three independent experiments are shown.
9-Methoxycanthin-6-one was obtained as amorphous yellow powder. Its HR-ESI-MS spectrum revealed the peak at m/z 251 [M+H] + corresponding to the molecular formula C 15 H 10 N 2 O 2 ( Figure S1 ). hetroatoms of carbon and nitrogen. The singlet signal at  H 7.84 is assigned to H-8 ( Figure S2 ). The signal peak at  C 55.7 of the 13 C-NMR spectrum is assigned to the carbon atom of the methoxy group ( Figure S3 ). The 13C-NMR and DEPT spectra of 1 indicated the presence of a methoxy, seven methines and seven quaternary carbons ( Figure S4 ). The signals appearing in the range from  C 100.6 to 145.8 indicated the carbon atoms of aromatic rings and dienes. Additionally, two signal peaks of carboxyl group appeared at  C 158.8, with this quite low value of  C caused by the conjugation effect of the carboxyl group and a diene, and the peak of  C 161.6 is assigned for the carbon atom of the methoxy group.
The spectral data for this compound implies that it is an alkaloid. The spectrum of this compound also matches the published spectrum of 9-methoxycathin-6-one [9, 10] . Therefore, based on the spectral analysis, we could conclude that this compound is 9-methoxycathin-6-one.
The time courses of hairy root growth and accumulation of 9-methoxycanthin-6-one in tested MS-, SH-, and WP-liquid culture media supplemented with 3% (w/v) of sucrose are shown in Figure  1 . The culture flasks were harvested at 5-day intervals and hairy root weight and production of 9-methoxycanthin-6-one were measured. After 30 days, the SH basal medium produced the highest biomass (0.79± 0.03 g, DW) followed by MS (0.67 ± 0.05 g, DW), and WP (0.59 ± 0.05 g, DW). Meanwhile, in the WP medium, 9-methoxycanthin-6-one production kinetics showed a lag phase followed by an increase in the rapid exponential phase to the maximum value, reaching 0.429 ± 0.05 (% DW) after 25 days followed by a decline to 0.241 ± 0.06 (% DW) after 30 days. However, in the MS and SH media, 9-methoxycanthin-6-one production kinetics showed a long lag phase and no growth with the maximum level of 0.145 ± 0.02 (% DW) after 25 days and 0.133 ± 0.03 (% DW) after 20 days, respectively ( Figure 1 ). The HPLC retention time of 9-methoxycanthin-6-one produced by hairy root cultures in the WP medium on day 25 of culture was 34.19 min, comparable with that of the authentic 9-methoxycanthin-6-one compound ( Figure S5A and S5B). HPLC chromatogram of hairy root extracts showed some unknown spikes, which may be due to other compounds such as alkaloids and terpenoids present in the extracts ( Figure S5B ). The amount of accumulated 9-methoxycanthin-6-one was the highest in hairy roots grown in the WP medium. Meanwhile, the highest biomass of hairy roots was obtained in the SH medium. We note that all three media (MS, WP and SH) contain different sulfate contents. WP medium has the highest amount of sulfate (approximately 7.34 mM) compared to the MS and SH media (approximately 1.75 mM and 1.69 mM). Thus, the sulfate content may be a factor that affects the accumulation of 9-methoxycanthin-6-one in hairy roots. It has been reported that the modification of the sulfate content in the MS liquid medium increased the production of 9-methoxycanthin-6-one in cell suspension cultures of E. longifolia [11] . In the SH medium with a high level of K + ion the growth of plant cell culture was promoted [12] . Additionally, the highest amount of myo-inositol was observed in this medium. Myo-inositol is an added ingredient in various roots products because it is important for normal plant growth and development [13] .
The ability of different basal media formulation to support plant cell growth and the synthesis of plant secondary metabolites may be associated with the ionic balance in the medium [14] . The results of our study suggested that the formulated composition in different culture media affected the growth and accumulation of 9-methoxycanthin-6-one in hairy roots. Further study is needed to identify the components in culture medium that play an important role in the accumulation of 9-methoxycanthin-6-one in E. longifolia hairy root cultures. yeast extract was added to ten-day-old hairy root cultures grown in the WP medium. The addition of jasmonic acid to the culture medium at the concentration of 1, 4, and 8 mg L -1 increased the 9-methoxycanthin-6-one content by approximately 1.2 (0.388 ± 0.05% DW), 1.5 (0.513 ± 0.11% DW) and 2.6 (0.874% ± 0.12% DW) times, respectively compared to the untreated (control) hairy root cultures (0.337 ± 0.10% DW) (Figure 2A) . Notably, if jasmonic acid was added to a culture medium at the concentration of 16 mg L -1 , the 9-methoxycanthin-6-one content decreased compared to the control (0.119 ± 0.05% DW vs. 0.337 ± 0.10% DW) (Figure 2A Hairy root Wild root 9-methoxycanthin-6-one % DW 9-methoxycanthin-6-one by hairy root cultures of Eurycoma longifolia Natural Product Communications Vol. 13 (5) 2018 541 Figure 4 : 9-Methoxycanthin-6-one from hairy roots of E. longifolia significantly inhibited IL-6 and TNF-α production in LPS-stimulated RAW 264.7 cells, murine peritoneal macrophages and human THP-1 macrophages. Levels of IL-6 and TNF-α in culture supernatant were measured by means of ELISA. Data showed the mean ± SD from three independent experiments. *P < 0.05 compared with LPS only.
9-methoxycanthin-6-one production compared to the control (0.337 ± 0.1% DW) were observed after 25 days ( Figure 2B) . However, the presence of 80 mg L -1 yeast extract in the medium inhibited 9-methoxycanthin-6-one production ( Figure 2B ). Addition of yeast extract (40 mg L -1 ) was found to be better for 9-methoxycanthin-6-one production than the addition of jasmonic acid (8 mg L -1 ) (Figure 2  A, B and Figure S6 A, B, C ).
In our current study, we selected jasmonic acid, which has been shown to be partially involved in the signal transduction pathway that induces particular enzymes catalyzing biochemical reactions to form defense compounds such as polyphenols, alkaloids, quinones, terpenoids, and polypeptides [15] . Further work will be required to investigate whether jasmonic acid promotes the biosynthesis of 9-methoxycanthin-6-one by triggering the enzymatic activities in E. longifolia hairy root cultures. It was demonstrated that the addition of yeast extract in the hairy root culture of A. indica increased the accumulation of azadirachtin [16] . An elicitor may exert different effects in certain culture types and conditions. Furthermore, because the yeast extract contains various compounds including amino acids, vitamins, and minerals, it is necessary to identify the exact components that induce its effect on the production of 9-methoxycanthin-6-one in E. longifolia hairy root cultures. The present results show that it is possible to enhance 9-methoxycanthin-6-one production in hairy root cultures of E. longifolia by the addition of elicitor compounds and by the optimization of the culture medium.
The TLC separation results showed that 9-methoxycanthin-6-one was detected in methanol extracts of hairy roots and wild roots of E. longifolia by using UV light (365 nm) and 10% H 2 SO 4 reagent with heat ( Figure S7 ). The chemical structure of 9-methoxycanthin-6-one is shown in Figure S8 . The content of 9-methoxycanthin-6-one was significantly increased in hairy roots (1.139 ± 0.2% DW) cultured in the WP medium supplemented with 3% (w/v) sucrose and 40 mg L -1 yeast extract compared to that in wild roots (0.164 ± 0.25% DW) of E. longifolia (Figures 3, S6C and S9) . In previous studies, the content of 9-methoxycanthin-6-one was investigated in different tissues including cultured callus and intact plant parts of E. longifolia [6] . The content of 9-methoxycanthin-6-one (0.497% DW) was obtained in callus induced from the explants of E. longifolia by using ¼ MS medium supplemented with 2% (w/v) fructose [8] . In addition, 9-methoxycanthin-6-one (0.712% DW) was obtained from fibrous root-derived callus of E. longifolia by using the MS medium supplemented with 2.0 mg/L of 2,4-D [6] . It appears that the amount of 9-methoxycanthin-6-one produced in E. longifolia may depend on the specific tissues and culture media.
To examine the anti-inflammatory effect of 9-methoxycanthin-6-one isolated from hairy roots of E. longifolia, we tested whether 9-methoxycanthin-6-one inhibits the production of pro-inflammatory cytokines including IL-6 and TNF-α in RAW 264.7 cells, murine peritoneal macrophages, and human THP-1 macrophages stimulated with LPS. The cells were pre-treated with various doses of 9-methoxycanthin-6-one (1, 3, 10, 30 μM) for 30 min followed by stimulation with LPS (1 μg/mL) for 24 h. 9-Methoxycanthin-6-one showed IL-6 and TNF-α inhibitory activity in LPS-stimulated RAW 264. (Figure 4) . The results of the MTT assay showed that the survival of macrophages was not affected by the treatment of 9-methoxycanthin-6-one at doses that attenuated the LPS-stimulated inflammatory response after 24 h ( Figure S10 ). These results suggest that 9-methoxycanthin-6-one isolated from hairy roots of E. longifolia is a strong antiinflammatory compound. It is known that the production of proinflammatory cytokines in activated macrophages is regulated by various intracellular pathways such as the NF-κB pathway [17] . Recently, we reported that a new β-carboline alkaloid from E. longifolia, 7-methoxy-(9H-β-carbolin-1-il)-(E)-1-propenoic acid, showed anti-inflammatory effects both in vitro and in vivo in LPS signaling by inhibiting the NF-κB pathway [18, 19] . Whether 9-methoxycanthin-6-one interacts with the NF-κB pathway in the macrophages stimulated with LPS needs further study.
In conclusion, WP medium supplemented with 3% (w/v) sucrose and 40 mg L -1 yeast extract is optimal for increasing the production of 9-methoxycanthin-6-one in hairy root culture. The amount of 9-methoxycanthin-6-one in hairy roots was higher than in wild roots of E. longifolia. 9-Methoxycanthin-6-one showed an inhibitory effect on the IL-6 and TNF-α production in LPS-stimulated macrophages.
Experimental
Plant materials: The hairy root culture of E. longifolia Jack has been described previously [19] . The wild roots of E. longifolia were collected in Bai Tu Long National Park, Quang Ninh province, Vietnam in 2011 and authenticated by one of the authors Dr. Ngoc Bich Pham [19] . The voucher specimens (PCB204) were deposited at the Institute of Biotechnology, Vietnam Academy of Science and Technology.
Effect of different basal media: Three different media including WP, MS, SH were used to study the effect of different media on the growth and production of 9-methoxycanthin-6-one in hairy root cultures of E. longifolia. All culture media were supplemented with 3% (w/v) sucrose. Hairy roots (0.3 g) were cultured in 100 mL of liquid media in 250 mL Erlenmeyer flasks and kept in gyratory shaker at 80 rpm at 25 ± 2°C. 
